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Syntheses, X-ray structures and characterisation of luminescent chromium(III) complexes incorporating 8-quinolinato ligands
imaging and sensing. 3 Recent studies have also shown that relatively simple Cr(III)
complexes of 1,10-phenanthroline and 2,2'-bipyridine type ligands may have application in the design of non-volatile memory device materials. 4 Herein we report our investigations into a series of Cr(III) complexes that incorporate 8-quinolinato type ligands within the coordination sphere, including mixed ligand variants.
The coordination chemistry of 8-hydroxyquinoline (often referred to as 'oxine') is extremely well known and dates back many decades. Historically it has found important uses in analytical chemistry and separation techniques, 5 and luminescent coordination compounds. 6 More recent developments have included its utility in the development of supramolecular chemistry where its coordination chemistry and molecular recognition features can be exploited. 7 Further interest in 8- hydroxyquinoline has been stimulated by its use in medicinal chemistry, 8 and as a chelating species in the development of potential radioimaging agents based upon Ga-68, 9 In-111, 10 Zr-89 11 and, most recently, Mn-52. 12 Complexes of 8-hydroxyquinoline with Cr(III) have been reported, 13 although it is only recently that the structural, spectral and electrochemical properties of [Cr(Q)3] (where Q = 8-quinolinato) have been described in detail. 14 Consequently, examples of mixed ligand systems of Cr(III) which incorporate 8-quinolinato chelates appear to be quite rare. The current study includes structural, analytical and spectroscopic characterisation of these new Cr(III) complexes, including luminescence properties. 
Results and discussion

Synthesis of the complexes
X-ray crystallographic studies
All crystals were grown using vapour diffusion techniques. Data collection parameters are presented in Table 1 , and all key bond lengths and bond angles that describe the coordination spheres are presented in subsequent Tables 2-5 . Space group (2) 100 (2) 100 (2) 100 (2) Crystal structure (5)º, the geometry of the complex is best considered as slightly distorted N5O octahedral ( Table 3) . One of the PF6 -counter ions is disordered over three positions, and one MeCN solvent of crystallization is observed in the structure. 96.71 (7) O1-Cr1-N1 83.22(7) O1-Cr1-N22 92.94 (7) N21-Cr1-N1 166.78 (7) N21-Cr1-N22 79.26 (7) N12-Cr1-N1 93.80(7) N12-Cr1-N22
173.33 (7) N22-Cr1-N1 90.97(7) O1-Cr1-N11
168.82 (7) N11-Cr1-N1 102.95(7) N21-Cr1-N11 87.08(7) 
General characterisation of the Cr(III) complexes
A range of analytical and spectroscopic techniques were used to characterize the complexes. IR spectra of the Cr(III) complexes were recorded over the range 4000- 
Electrochemical studies
The electrochemical data for the Cr(III) complexes were obtained in acetonitrile using Therefore the first reduction potential at -1.34 to -1.66 V may be due to a metal-centred process (forming low spin Cr(II). 18 The second potential at -1.91 to -2.17 V is attributed to a ligand-centred reduction although it is unclear for the mixed ligand complexes whether this can attributed solely to the quinolinato ligands.
Electronic properties of the complexes
The magnetic moments (μeff) of the Cr(III) complexes were measured using the Evans' The electronic spectra of the Cr(III) complexes were measured in DMF solutions and their spectral data are tabulated in Table 5 . Taking showed that the emission character was retained in aqueous solution.
Finally, for the [Cr(Q)(N^N)2](PF6)2 complexes, similar luminescence properties were again observed with a broad peak around 500 nm, and thus comparable to the other complexes in this study. These species produced markedly different excitation spectra with a much more intense peak at shorter wavelengths (ca. 365 nm), which may relate to transitions within the coordinated diimine ligands. For these Cr(III) complexes, there was no evidence of any metal-centred phosphorescence peaks in the typical range 700-800 nm at room temperature.
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Conclusion
8-hydroxyquinoline complexes of Cr(III) can be prepared to give six coordinate homoleptic or heteroleptic species. In all cases the complexes are highly coloured and demonstrated luminescence in the visible region, which was attributed to ligandcentred excited states. The electronic properties can be subtly modulated through substituents on the 8-quinolinato ligand; these observations were further supported by electrochemical properties. Four structural examples were determined with X-ray data revealing octahedral species in each case. For the bis aquo complex the structure confirmed the mutually cis arrangement of the coordinated water molecules.
Experimental
General Experimental Considerations
All reagents and solvents were commercially available and were used without further purification if not stated otherwise. Petroleum ether refers to the 40-60 °C fraction.
Low-resolution mass spectra were obtained by the staff at Cardiff University. Highresolution mass spectra were carried out at the EPSRC National Mass Spectrometry Facility at Swansea University. High resolution mass spectral (HRMS) data were obtained on a Waters MALDI-TOF mx at Cardiff University or on a Thermo Scientific LTQ Orbitrap XL by the EPSRC UK National Mass Spectrometry Facility at Swansea University. IR spectra were obtained from a Shimadzu IR-Affinity-1S FTIR and melting points using a Gallenkamp apparatus and are reported uncorrected. Reference to spectroscopic data are given for known compounds. UV-Vis studies were performed on a Jasco V-570 spectrophotometer as MeCN solutions (2.5 or 5 × 10 -5 M).
Photophysical data were obtained on a JobinYvon-Horiba Fluorolog spectrometer fitted with a JY TBX picosecond photodetection module as MeCN solutions. Emission spectra were uncorrected and excitation spectra were instrument corrected. The pulsed source was a Nano-LED configured for 459 nm output operating at 1 MHz.
Luminescence lifetime profiles were obtained using the JobinYvon-Horiba FluoroHub single photon counting module and the data fits yielded the lifetime values using the provided DAS6 deconvolution software.
X-ray Diffraction
For the four samples (for reference see ]PF6). The crystals were kept at T = 100(2) K during data collection. Data were measured using profile data from ω-scans using MoKα radiation. Cell determination and data collection were carried out using CrystalClear 
Synthesis of [Cr(Q)3]
The general method was to use a solution of CrCl3.6H2O (1 eq.) in 5 cm , 65.66; H, 4.56; N, 7.92; found (%): C, 65.25; H, 4.88; N, 7.96 . Magnetic moment μobs (B.M.): 3.863.
Synthesis of [Cr(MeQ)3]
Using 8-hydroxy-2-methylquinoline (0.91 g, 5.7 mmol) and CrCl3.6H2O (0. 4.000.
Synthesis of [Cr(MeQ)(bipy)2](PF6)2
Using [Cr(bpy)2(CF3SO3)2](CF3SO3) (0.5 g, 0.62 mmol), 8-hydroxy-2-methylquinoline 
